A long-standing hypothesis states that low year-round phytoplankton biomass in the open subarctic Pacific Ocean is maintained by herbivorous grazing. To evaluate the balance between phytoplankton growth and microzooplankton grazing, we carried out seawater dilution experiments at two subarctic Pacific locations in June and September 1987. Pigment-specific phytoplankton growth and grazing rates were obtained from dilution experiments by HPLC separation of phytoplankton pigments. This approach allowed us to look at the relationship between growth and grazing rates for different phytoplankton taxa. A wide range of rates was observed during any given experiment. Pigment-specific growth rates ranged from 0.0 to 0.8 d-l; pigment-specific microzooplankton grazing rates ranged from 0.0 to 0.6 d-l. The highest growth rates appeared attributable to large diatoms, as indicated by both pigment and cell-count data. Grazing rates were most closely matched with growth rates for small (< 10 pm) phytoplankton species; large diatom species seemed to be unaffected by microzooplankton grazing. Higher grazing rates were measured on pigments with the lowest standing stocks.
The subarctic Pacific Ocean apparently never experiences a phytoplankton bloom. Canadian weathership data collected between 1966 and 1976 show that chlorophyll concentrations only rarely reach 0.5 rg liter-' and never exceed 1.8 Kg liter-' (Anderson et al. 1977 ); these observations have been corroborated during subsequent cruises to the subarctic before and during project SUPER (subarctic pacific ecosystem research). These low phytoplankton standing stocks persist in spite of high (minimum 6-7 PM) euphotic zone concentrations of NO,-and seasonal increases in primary productivity.
A long-standing hypothesis proposed to account for year-round low phytoplankton stocks in the subarctic Pacific states that control of phytoplankton production is due to grazing by herbivorous zooplankton (McAllister et al. 1960) . Because measurements of grazing by several Neocalunus species (the dominant suspension-feeding macrozooplankter in the subarctic Pacific) show that they are able to graze only -10% of the daily phytoplankton production in this region, herbivorous microzooplankton are considered likely candidates for consumers of a large fraction of the phytoplankton production (Frost 1987; Miller et al. 1988) . It is further hypothesized that the permanent ha&line at about 120 m in the North Pacific prevents winter mixing beyond this depth. This should allow a low level of primary production year-round and, hence, survival of microzooplankton in winter in numbers that allow them to respond immediately to spring phytoplankton production increases (Evans and Parslow 1985; Frost 1987) .
To test the hypothesis of grazer control of phytoplankton biomass, project SUPER personnel visited the subarctic Pacific in June and September 1987. As part of this program, we measured the growth and graz- Table 1 . Distribution of Chl and major carotenoid pigments among classes of phytoplankton found in the subarctic Pacific. Subarctic species with distinctive Chl c arnl fucoxanthin derivatives are listed separately. Unless specified, source was Liaaen-Jensen (1978) . c-Chl c, and c2 (not differentiated in this study); DD/DT-diadinoxanthin/diatoxanthin; V/A/Z-violaxanthin/antheraxanthin/zeaxanthin;
19 '-but-fuco-19'-butanoyloxyfucoxanthin; 19'-hex-fuco-19'-hexanoyloxyfucoxanthin; c?-unknown ing rates associated with specific groups of phytoplankton by coupling the seawater dilution technique (Landry and Hassett 1982) with HPLC (high performance liquid chromatography) separation of phytoplankton pigments, a method first utilized by Burkill et al. (1987) in the Celtic Sea.
Because different classes of phytoplankton contain different chlorophylls and carotenoids, pigments can be used as markers for processes involving various plant groups. Table 1 lists the distribution of chlorophylls and carotenoids among the phytoplankton classes that predominate in the subarctic Pacific. Note that some pigments (e.g. prasinoxanthin and peridinin) are specific to a single phytoplankton class, whereas others (e.g. fucoxanthin, Chl a and c) are broadly distributed, making them less specific taxonomic markers. In addition, photoprotective pigments such as diadinoxanthin, which undergoes reversible de-epoxidation to form diatoxanthin, may be less reliable as biomass indicators than light-harvesting pigments such as fucoxanthin (Welschmeyer and Hoepfner in prep.) .
Pigments occurring in nanophytoplankton species include zeaxanthin, 19'-but-and 19'-hexanoyloxyfucoxanthin. Guillard et al. (1985) presented evidence that Synechococcus spp. are the dominant zeaxanthin-containing ultraplankton in the North Atlantic. Chlorophytes and prochlorophytes, which also contain zeaxanthin, are unlikely to be abundant in the open subarctic Pacific, as indicated by low Chl b concentrations. Chl c3 and the two acyloxy derivatives of fucoxanthin are found in abundance in the subarctic Pacific. Recent work has begun to elucidate the distribution of these pigments in subarctic Pacific species (Table I) , all of which are very small (10 pm or less). Chl c3 and the acyloxy fucoxanthins thus make good markers for nanoplanktonic rates and processes.
The use of pigment "biomarkers" has a long history and is becoming more widely used as separation techniques improve. Welschmeyer and Lorenzen (1985) used Chl and its degradation products to examine fates of phytoplankton production in a coastal fjord and the North Pacific gyre; Carpenter et al. (1986) used a similar approach to follow production in three lakes in Michigan. Repeta and Gagosian (1984, 1987) have looked extensively at carotenoids and their degradation products to determine pathways of phytoplankton degradation and sedimentation in the Peru coastal upwelling system. Algal pigments have been used to describe oceanic phytoplankton community structure (Jeffrey 1974; Gieskes and Kraay 1986a) and to determine the natural diets of macrozooplankton (Kleppel et al. 1988; Nelson 1989) .
In this study, our goal was to examine the balance between phytoplankton growth and microzooplankton grazing rates at the level of individual phytoplankton taxa. Thus far, hypotheses regarding the maintenance of low phytoplankton biomass in the subarctic Pacific have been phrased in terms of total chlorophyll and herbivorous microzooplankton. Both the phytoplankton and microzooplankton communities in this region are composed of many species, however, suggesting that there may be complex and variable interactions within and between these two broad categories of organisms. Given the low, nearly constant plant biomass in this system, we wished to determine the variation and covariation of growth and grazing rates associated with individual phytoplankton taxa and the extent to which microzooplankton grazing is in balance with -growth of individual phytoplankton taxa within the plant community.
Methods
Experiment design -Dilution experiments were carried out in June and September 1987 at stations P (5O"N, 145"W) and R (53"N, 145"W) in the subarctic Pacific ( Table 2 ). The method and assumptions of the seawater dilution technique have been described by Landry and Hassett (1982) . Each experiment consisted of a series of either four or five dilution treatments, each in duplicate, for a total of either 8 or 10 bottles. Seawater was collected with 30-bter, Teflon-lined, Go-Flo bottles hung on a Kevlar line. Filtered seawater for dilution treatments was prepared with a Masterflex peristaltic pump and silicone tubing to pass water through a Gelman A/E glass-fiber filter followed by a 0.45~pm cellulose (Nuclepore) or nylon (Millex) filter in a 147-mm Plexiglas filter holder. This procedure yielded no increase in dissolved free amino acid concentration in the filtered seawater relative to natural concentrations (unpubl.).
Various proportions of filtered and natural seawater were combined in acidcleaned, Milli-Q-rinsed 2-liter polycarbonate bottles. To minimize microzooplankton losses we did not prescreen natural seawater; naupliar abundance in the samples was very low (~30 liter' in September; <75 liter-' in June) and nauplii were no larger than the largest ciliates. Nutrient depletion during the experiments was considered unlikely due to high ambient nutrient levels (Table 2) ; therefore neither N nor P was added. Bottles were adjusted to light inten-sities corresponding to sampled depths with layers of neutral-density screen and incubated in Plexiglas incubators cooled with flowing surface seawater. Incubations began at dawn and lasted 48 h.
At the time of set-up, samples for HPLC analysis and microzooplankton enumeration were taken from the Go-Flos. HPLC samples were filtered onto 25-mm GF/F filters and immediately frozen in liquid N. Plankton samples were preserved by draining directly into acid Lugol's solution for a final fixative concentration of 10%. Experiments were terminated by subsampling bottles for plankton enumeration (250 ml) and filtering and freezing the remainder for HPLC pigment analysis.
Pigment analysis -Pigments were extracted by placing filters in 1 ml of 90% acetone, grinding them thoroughly with a motor-driven tissue grinder, letting them extract for at least 2 h at 4°C without light, and then regrinding. Tubes were kept tightly capped to minimize acetone evaporation. This procedure was necessary to completely extract the pigments of tough cells, such as Synechococcus spp. and Pelagococcus spp. (R. Goericke pers. comm.). Samples were transferred to centrifuge tubes and spun at high speed in a Beckman Microfuge for 3 min, then diluted with Mini-Q H,O (two parts extract : one part H,O) and immediately injected onto a lo-cm Rainin Microsorb Cl8 column with a 3-pm particle size.
The separation scheme, a modification of that described by Mantoura and Llewellyn (1983) , utilized as solvent A a solution of 85% methanol : 15% ammonium acetate buffer (0.5 M ammonium acetate adjusted to pH 7.5); as solvent B 100% methanol; and as solvent C 100% acetone. A linear gradient from 100% A to 85% B: 15% C over the first 5 min, to 70% B : 30% C over the next 5 min, then to 20% B : 80% C over the next 4 min was used. This was followed by an isocratic hold at 20% B : 80% C for 4 min. The flow rate was 1.5 ml min-' throughout. Peaks were detected by a Kratos FS 950 fluorescence detector (F4T4B lamp, Coming 5-60 excitation filter, Corning 2-64 emission filter) connected in series with an ISCO V4 absorbance detector set at 440 nm. Peaks were identified by comparison of retention time values with those of phytoplankton cultures of known pigment composition.
Peak areas were determined with a SpectraPhysics model SP4270 integrator; pigments were quantified by comparison with standards isolated from laboratory phytoplankton cultures by semipreparative HPLC. Standards were quantified by applying published specific absorption coefficients to measured optical density values. A representative absorbance chromatogram ( Fig. 1) indicates peak identities and elution times. By using HPLC to separate phytoplankton pigments, we can estimate p and g separately for each pigment present during an experiment (Burkill et al. 1987 ).
Subsamples (75-100 ml) from preserved samples were settled and enumerated by the UtermGhl (1958) method on a Zeiss inverted microscope. All ciliates and diatoms were counted, for other plankton groups only cells > 10 pm long were enumerated due to the difficulty of reliably identifying small cells in the samples fixed in Lugol's solution.
Results
Growth and grazing rates derived from pigments-In June, phytoplankton growth rates for individual taxa ranged from 0.0 to 0.8 d-l (0.0-l .2 doublings d-l). The highest rates were associated with fucoxanthin and diadinoxanthin at station R and fucoxanthin, diadinoxanthin, and Chl c3 at station P (Fig. 2 , Table 3 ). Grazing rates in June ranged from 0.1 to 0.6 d-l. During every experiment in June, Chl c,-containing algae were grazed at the highest rate (0.6 d-' at sta. P, 0.3 d-l at sta. R); grazing rates on other pigments were generally 0.3 d-' or less. Note that all June experiments were conducted with water from a depth of 10 m.
In September, maximal rates of both growth and grazing were lower than June maxima. Rates associated with most pigments, however, were very similar for both months. Phytoplankton growth rates for individual taxa ranged from 0.0 to 0.6 d-l (0.0-0.9 doublings d-l); consistently high rates were observed for fucoxanthin and zeaxanthin (0.5-0.6 d-l). Growth rates of most algal groups were higher at 30 m than at 10. September grazing rates ranged from near Pigment standing stocks-Most pigments were present at higher concentrations in September than in June (Table 4 ; e.g. Chl a concentrations were 0.2-0.3 pg liter-' in June, 0.4-0.5 pg liter-' in September). In addition, the composition of the phytoplankton community, as indicated by the relative abundance of different pigments, changed dramatically between June and September (Table 5) . Between June and September at station P, there was an increase in abundance of both green algae and dinoflagellates, while cyanobacteria decreased. Diatom numbers were higher in September than in June (Table 6 ), but their contribution to the total phytoplankton standing stock was lower in fall. There was little change in the relative abundance of haptophytes between June and September. Note also the differences between stations P and R in June: green algae and haptophytes were more abundant at P, while diatoms showed increased importance at R. Microscopic analysis of preserved samples confirmed some of these shifts in phytoplankton species abundance.
Standing stocks and rates from preserved (Table 4) , large diatoms were more abundant at station R than at station P in June and were less abundant in June than September at station P (Table 6 ). Fucoxanthin is found in several phytoplankton classes including chrysophytes, but chrysophytes are one of the least abundant groups in the subarctic Pacific. Haptophytes in this region are represented primarily by species containing Chl c3 and the -oxyfucoxanthins (Table 1; Booth et al. 1982) . Thus it is likely that fucoxanthin is primarily a marker for diatoms in this system.
It is not known what fraction of the Gymnodinium + Gyrodinium population was autotrophic; however, the total dinoflagellate abundance was much higher in September than in June. This increased abundance was also reflected in the pigment data by the higher September stock of peridinin.
Growth rates were calculated from initial and final cell abundances in samples taken from undiluted seawater bottles, assuming an exponential increase:
where t is time in days and IV, and NO are the final and initial cell concentrations. Note that growth rates (k) estimated from cell number changes in bottles of undiluted seawater represent net growth rates (true growth -microzooplankton grazing). Values of k are about equal to true growth rates (I*) estimated for fucoxanthin by the dilution technique. The agreement between measures of true fucoxanthin and net diatom growth rate suggests that there is little grazing by microzooplankton on these large diatoms.
Counts of ciiates and heterotrophic dinoflagellates (an unknown fraction of the Table 3 . Pigment-specific growth (p) and grazing (g) rates (d-l) and grazing as a fraction of phytoplankton growth for experiments performed at stations P (exp. 1, 2, 5, and 6) and R (exp. 3 and 4). Coefficients of determination (P) for all regression analyses are listed.
June
Chl Table 4 . Water-column concentrations (ng liter') of all phytoplankton pigments measured during seawater dilution experiments (exp. 1, 2, 5, and 6 at sta. P; exp. 3 and 4 at sta. R). Not determined-nd. dicate that microzooplankton were present and had low net growth rates (0.0-0.3 d-') in the experimental bottles during both months.
Growth and grazing relationships-On average, the Chl a-specific grazing rate, as representative of grazing on the entire phytoplankton population, was equivalent to 40-50% of phytoplankton growth (range: 16-75%; Table 3), with grazing generally a higher fraction of growth in September (avg = 0.53) than in June (avg = 0.41). This finding is consistent with the higher microzooplankton standing stocks in September (Table 6). If herbivorous grazer populations as a whole are responsible for maintaining low phytoplankton biomass in the subarctic Pacific, then a reduction in macrograzer numbers and activity in late summer (C. B. Miller pers. comm.) implies a necessary increase in microzooplankton grazing as a fraction of phytoplankton growth. The Chl a-based calculations indicate that microzooplankton were consuming only a portion of total plant production. Plots of growth vs. grazing (e.g. Burkill et al. 1987) show details of the hypothesized equivalence of cc and g in comparison with actual growth-and grazing-rate data (Fig. 3, left  panels) . Rates for specific pigments bear out the conclusions from Chl a inasmuch as most data points lie above the line (slope = 1, y-intercept = 0) representing equality of growth and grazing, i.e. no biomass change. That is, for many pigments, growth exceeds microzooplankton grazing. As noted earlier, the highest pigment-specific growth rates are those associated with fucoxanthin-a pigment abundant in diatoms. Cell counts also yield high growth rates for some genera of large diatoms.
Total phytoplankton pigment includes cells too large for microzooplankton to in- Table 6 . Water-column abundances (A, cells liter-') and net growth rates (k, d-l) of phytoplankton (> 10 @cm) and microzooplankton. Growth rates (representing net growth) calculated from changes in concenlration of cells in undiluted seawater bottles and assuming exponential growth. gest. Right-hand panels in Fig. 3 demonstrate the equivalence of growth and grazing when only pigments found in small phytoplankton species are considered. Pigments removed from these plots are Chl a and c, fucoxanthin, diadinoxanthin, and peridinin. These pigments, in addition to occurring in large species, tend to be broadly distributed among phytoplankton classes, whereas pigments representing small cells are more specific to individual taxa (Table 1) . Rates associated with the latter are less likely to represent an average of many different trophic pathways.
The fit of the data points to the hypothetical line of balance was evaluated by calculating a "variance," F, for each plot, where F = c h2/n, with h the minimum distance from each data point to the line and n the number of data points on the plot. Three of four plots of pigments found in small phytoplankton show significantly less variance around the hypothetical line of balance than the corresponding plots of all pigments (Table 7) . Further, correlation analysis (Kendall's 7) performed on rate data for small phytoplankton indicates that in two of four cases there is a significant positive relationship between growth and grazing rates for small cells (Table 7) .
Discussion
Phytoplankton growth rates-Perhaps the most striking feature of the growth rate data is the wide range of rates observed within the phytoplankton community during any given experiment. Lowest rates were consistently near zero while, in June, maximal rates of 0.8 d-' were close to the predicted maximum of 0.98 d-' for 8°C and continuous light (Eppley 1972) . In September, the maximum observed rate of 0.6 d-l was less than half the predicted maximum of 1.49 d-l for 12°C. Lower maximal growth rates in August than in May 1984 were also observed by Booth et al. (1988) who calculated phytoplankton growth rates from cell C and primary productivity measurements at station P. These observations suggest that different factors limit the growth of different species of phytoplankton and that, although temperature may have limited maximum rates of growth in June, another factor must have been acting in September to set a lower maximum during a period of higher temperature.
Although growth rates overall varied widely, individual taxa displayed consistent absolute rates throughout each cruise and consistent relative rates between cruises. For example, growth rates associated with 19'-hexanoyloxyfucoxanthin were near zero during three of four June experiments and remained lower than almost all other values (0.1-0.2 d-l) in September. This finding suggests that species such as the coccolithophorid Emiliania huxleyi and the abundant Phaeocystis pouchetii were growing at rates much lower than their potential maxima; growth rates of 0.5 d-l at 12°C (assuming a Q,,, = 2) have been reported for both E. huxleyi (Eppley et al. 197 1) and P. pouchetii (Guillard and Hellebust 197 1) . Chl c3, also found in the above species, has a much higher growth rate, most notably at station P in June. This difference could reflect a difference in species composition between the two stations, with Chl c3 associated predominantly with faster growing 19'-butanoyloxyfucoxanthin-containing species at station P, or there could be a differential effect of photoadaptation on Chl c, vs. 19'-hexanoyloxyfucoxanthin. In situ incubations would eliminate this potential problem in future studies.
In contrast to the low growth rates of the haptophytes, species of diatoms, as indicated by the pigment fucoxanthin, consistently exhibited the highest relative growth rates, with values generally > 0.4 d-' and on one occasion (in June at station R) BO.8 d-l. One possible explanation for these taxon-specific differences in growth rate is methodological: containment in incubation bottles may depress or stimulate the growth of different species to different degrees. Arguing against this interpretation are rates such as those of peridinin, found only in dinoflagellates. In September, growth rates of peridinin-containing species were consistently twice as high at 30 m as at 10; no shift in dinoflagellate species composition was seen between these two depths. A similar increase in growth rate with depth was observed for Chl b-containing species.
Light limitation of phytoplankton growth has been considered to be important in the subarctic Pacific (Parsons and Lalli 1988) . It is possible that light differentially limits growth of different species, i.e. that some are more sun-or shade-tolerant than others. However, growth rate vs. light intensity experiments carried out in May 1988 at station P showed no effect of light intensity on growth rates, as indicated by changes in Chl a, until light levels as low as 10% of surface irradiance were tested (S. Strom unpubl.). In addition, most pigments examined in September exhibited higher growth rates at 30 m than at 10 m, due perhaps to photoinhibition but certainly not to light limitation. Martin et al. (1989) postulated that phy-toplankton growth in the oceanic subarctic Pacific is limited by Fe-a trace nutrient. Again, it may be hypothesized that Fe limitation has a differential effect on various phytoplankton species. It is interesting that the phytoplankton species which grew to abundance during Fe addition experiments at station P (Martin et al. 1989 )-namely the diatom Nitzschia sp. -exhibited consistently high relative growth rates coupled with high abundances during our experiments.
Nitzschia (cell length 50-200 pm) is probably too large to be consumed by micrograzers, however, and would be expected to "bloom" in the absence of larger zooplankton (as during a lengthy bottle incubation). The wide range of growth rates in the data presented here indicate that, whether our incubation bottles were Fe-contaminated, Fe limitation probably does not have a generally depressing effect on phytoplankton growth rates at stations P and R.
Microzooplankton grazing rates -A comparison of microzooplankton grazing rates observed at stations P and R with other observed and potential values is difficult, as little is known about real or potential rates of microzooplankton herbivory in the open ocean. In addition, the dilution technique yields grazing rates on a pigment-specific basis; there is no normalization to abundance of grazers and thus the rate is dependent on the biomass of microzooplankton present. In general, rates of grazing on Chl a reported here are in the range of most published values from dilution experiments conducted in other areas (e.g. Landry and Hassett 1982; Gifford 1988) .
Rates which are much higher than any determined here appear in a few reports, e.g. 1.04 d-i observed by Burkill et al. (1987) in October in the Celtic Sea. Fluctuations in micrograzer biomass would be expected to be much larger in this productive shelf region than in the open subarctic Pacific. Other factors expected to influence the magnitude of the community grazing rate include grazer species composition and the ingestion rate of individual organisms, as determined by food concentration, temperature, and abundance of preferred foods. In considering pigment-specific rates of grazing determined during this study, it is noteworthy that, as for phytoplankton growth, a wide range of grazing rates was present during any given experiment.
Pigment standing stocks and composition-Water-column concentrations were 1.5-to 2-fold higher in September than in June for every pigment except zeaxanthin. Diatom, dinoflagellate, and ciliate abundances, as indicated by cell counts, were also higher in late summer. In contrast, growth and grazing rates on most pigments were not significantly different between September and June; maximal rates of growth, as discussed previously, were in fact lower in September than in June.
Phytoplankton species composition, as indicated by the presence in September of pigments and diatom and dinoflagellate species not found in the water column in June, changed dramatically between June and September. Large shifts in phytoplankton species composition on monthly time scales at station P have also been observed by Booth (1988, pers. comm.) . In spite of these shifts, phytoplankton standing stocks as measured by Chl a remained low (highest September measurement: 0.5 pg liter') and historically have almost never been observed to exceed these levels. Thus, consideration of standing stocks and species composition alone suggests a tight coupling between grazer and plant populations. Grazers must respond almost instantaneously, by changes either in feeding behavior or in species composition of the grazer population, to changes in the phytoplankton community for large swings in phytoplankton species composition to occur with no concomitant increases in plant biomass. Further evidence for tight coupling of microzooplankton grazer and phytoplankton populations is seen in the comparison of rates of growth and grazing.
Growth and grazing relationshipsGrowth and grazing rates in the plankton population, as measured by the dilution technique, are much closer to balanced when only small phytoplankton are considered (Fig. 3) . Calculation of a variance around the line representing equality of growth and grazing further corroborates this conclusion: the variance decreases in almost every case when only small phytoplankton species JUNE are considered (Table 7) . The dilution tech-0.6 U nique, because it excludes macrograzers n from incubation bottles, does not accurately evaluate the balance between growth and 0.4-grazing for large species of phytoplankton. ;-?z 0) 0.2-Within the nanoplankton, however, growth and grazing were roughly equivalent during our experiments.
In June at station P and during experiment 6 in September, small phytoplankton species that exhibited the highest growth rates also experienced the highest pigmentspecific grazing mortality (Table 7) . Such a result would seem necessary in a system such as the open subarctic Pacific which experiences no or very small seasonal changes in phytoplankton biomass. The mechanism underlying this coupling between grazer and food species may operate on the level of either whole grazer and phytoplankton assemblages or on the level of individual microzooplankton and food cells.
In the former case, populations of grazers and prey may be linked in a series of predator-prey relationships of unknown specificity. Balance between growth and grazing would be maintained by a suite of classic predator-prey oscillations in which prey biomass never reaches a high level. This scenario is possible because microzooplankton have potential growth rates equaling those of their phytoplankton prey. Grazing on a particular algal species would cease when the abundance fell below the grazing threshold, phytoplankton biomass would then begin to build, followed closely by buildup of grazer biomass such that small accumulations of plant cells would rapidly be consumed. In this situation, with tight coupling between grazer and phytoplankton populations, the grazing rate on a particular phytoplankton species should be proportional to its abundance. Inasmuch as pigment standing stock reflects plant biomass, a trend opposite to the one predicted above is apparent (Fig. 4 ).
An alternative mechanism for balanced growth and grazing involves interactions on the level of individual cells. Microzooplankton may graze preferentially on faster growing phytoplankton, thus maintaining lower standing stocks of these species, as suggested by Fig. 4 . Evidence for such a selection of faster growing cells from a mixture has been presented for the copepods Acartia tonsa (Cowles et al. 1988 ) and Diaptomus kenai (Butler et al. 1989) .
Evidence for selective grazing by protozoa is circumstantial but also suggestive of an ability to discriminate among food cells that differ physiologically. Ciliates feed more rapidly on preferred foods (foods supporting highest ciliate growth rates) and may select phytoplankton over similarly sized glass beads (Stoecker et al. 1986; Stoecker 1988) . Tintinnids have been observed via high-speed video to reject certain phytoplankton species while preferentially ingesting others of about the same size (Taniguchi and Takeda 1988) . In other experiments, the scuticociliate Cyclidium sp. exhibited higher clearance rates on proteincovered spheres than on identically sized carboxylated or amide-modified spheres (Saunders 1988) , while the tintinnid Tintinnopsis sp. was attracted strongly to phytoplankton with a low C: N ratio and not at all to cells of higher C : N ratio (Verity 1988). Apparently ciliates can sense exudates or surface properties of phytoplankton cells and other particles and actively reject undesirable cells encountered while feeding. More work is needed to determine the extent to which protozoa can select fast-growing cells when grazing in a mixture, especially at low particle concentrations.
It has been hypothesized for many years that low phytoplankton biomass in oceanic regions where nutrients are sufficient to support high levels of production is maintained by the actions of zooplanktonic grazers (McAllister et al. 1960) . Although the experiments presented here are insufficient to address the question of the overall balance between phytoplankton growth and zooplankton grazing, the data indicate that microzooplankton grazing rates were equivalent, on average, to 40-509/o of phytoplankton growth.
Although some phytoplankton species at stations P and R were growing at consistently high or near-maximal rates, others had very low rates of growth, suggesting either that several growth-limiting factors operate simultaneously in the plankton or that a single factor operates differently according to phytoplankton species. Grazing rates on different plant taxa, as measured by the HPLC-seawater dilution method, are often positively correlated with phytoplankton growth rates when only the smaller phytoplankton species are considered. Standing stocks of other rapidly growing phytoplankton species, such as large diatoms, appear to have been unaffected by microzooplankton grazing. The coupling between microplanktonic growth and grazing rates indicates that there must be a mechanism whereby grazers can respond, either as individual cells or as populations, to small increases in growth rate or biomass of individual species of phytoplanktonic prey.
